Toll-like receptors (TLR) are innate immune receptors typically activated by microbial-associated molecular patterns (MAMPs) during infection or damage-associated molecular patterns (DAMPs) as a result of tissue injury. Recent findings suggest that TLR2 and TLR4 signaling play important roles in developmental and adult neuroplasticity, and in learning and memory. In addition, activation of TLR2 and TLR4 worsens ischemic injury to the heart and brain in animal models of myocardial infarction and stroke. TLR activation is also implicated in thermoregulation and fever in response to infection. However, it is not known whether TLRs participate in the regulation of the sympathetic and/or parasympathetic components of the autonomic nervous system (ANS). Here we provide evidence that TLR2 and TLR4 influence autonomic regulation of heart rate (HR) body temperature and energy metabolism in mice. We show that mice lacking TLR2 or TLR4 exhibit reduced basal HR, which results from an increase of parasympathetic tone. In addition, thermoregulatory responses to stress are altered in TLR2À/À and TLR4À/À mice, and brown fat-dependent thermoregulation is altered in TLR4À/À mice. Moreover, TLR2À/À and TLR4À/À mice consume less food and exhibit a greater mass compared to wild type mice. Collectively, our findings suggest important roles for TLR2 and TLR4 in the ANS regulation of cardiovascular function, thermoregulation, and energy metabolism.
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Introduction
Toll-like receptors (TLR) comprise a family of 10-12 innate immune receptors in mammals. TLRs are typically activated during infection by microbial-associated molecular patterns (MAMPs; to be distinguished from the former term, pathogen associated molecular patterns, PAMPs, as it is acknowledged now that molecular patterns on non-pathogenic bacteria also activate TLRs) (Takeda and Akira, 2004) . TLRs are also activated by damage-associated molecular patterns (DAMPs), a set of endogenous TLR ligands released in body tissues as a result of tissue injury (Yu et al., 2010) . TLRs are expressed in a variety of immune-related cell types, as well as non-immune cells such as intestinal epithelial cells (Marques and Boneca, 2011), endothelial cells (Garrafa et al., 2011) as well as cells of the central nervous system (CNS) including microglia, astrocytes, oligodendrocytes and neurons (Bsibsi et al., 2002; Tang et al., 2008) . TLRs and TLR-related signaling are increasingly implicated in developmental and adult neuroplasticity, including the regulation of neural progenitor cell proliferation (Lathia et al., 2008; Okun et al., 2010b; Rolls et al., 2007; Shechter et al., 2008) , axonal guidance (Cameron et al., 2007; Ma et al., 2007 Ma et al., , 2006 , learning and memory (Okun et al., 2012 (Okun et al., , 2010a , and metabolism (Shechter et al., 2013) .
Via counterbalancing actions of sympathetic and parasympathetic neurons, the autonomic nervous system (ANS) regulates body systems critical for many basic functions of the organism including heart rate (HR), blood pressure, thermoregulatory thermogenesis and energy metabolism (Cannon and Nedergaard, 2004) in both health and disease. In thermoregulatory thermogenesis, the parasympathetic innervations of brown adipose tissue
